The authors work at the Green Chemistry Centre of Excellence (GCCE) at the University of York and are all currently involved in the H2020-BBI-funded project ReSolve for the development of safer bio-based solvents. Solvent applications for dihydrolevoglucosenone (Cyrene) and 2,2,5,5-tetramethyloxloane (TMO) are among their prominent discoveries. Dr. James Sherwood leads the Alternative Solvents Technology Platform at the GCCE. His research interests include solvent effects in organic synthesis and the substitution of hazardous solvents with novel biobased solvents. Dr. Thomas Farmer is leader of the Clean Synthesis Technology Platform in the GCCE. Tom works on the development of greener synthetic methods and the uses of bioderived platform molecules. Prof. James Clark is the director of the GCCE and winner of the 2018 RSC Green Chemistry Award. He has published over 500 articles and is a member of the UK Government's Chemical Stakeholder Forum. No. 1907 No. /2006 of the European Parliament and of the Council on the Registration, Evaluation, Authorisation, and Restriction of Chemicals (REACH) is EU legislation designed to protect human health and the environment from hazardous substances. Manufacturers and importers of chemicals in quantities exceeding 1 ton per annum are required to register their products. If the hazards associated with a substance are deemed unacceptable, it is termed a substance of very high concern (SVHC). N-Methyl pyrrolidone (NMP), a common dipolar aprotic made from 1,4-butanediol in annual quantities of 150,000 tons, is reprotoxic and consequently a SVHC.
Regulation (EC)
1 N-Methyl pyrrolidone is valued as a solvent for its high polarity and low surface tension and is non-flammable. As a lactam, NMP is structurally different to the other amide solvents N,N-dimethylformamide (DMF) and N,N-dimethylacetamide (DMAc), and therefore it has unique applications. Established markets for NMP are as a solvent for producing polyamideimide wire enamels and other coatings, extracting butadiene, and paint stripping. In organic synthesis, it can generally be used where dipolar aprotic solvents are viable solvents, e.g., cross-coupling reactions and nucleophilic substitutions. The higher cost of NMP usually means that DMF or DMAc is preferred unless there is a specific solubility requirement or because the higher boiling point of NMP is useful. Two high-profile emerging technologies are presently reliant on NMP. One is the production of graphene by exfoliation of graphite, given that NMP has the ideal polarity and surface tension needed to disperse graphene. Another is the fabrication of lithium-ion battery electrodes.
REACH requires that appropriate safeguarding measures be introduced to rectify inadequately controlled hazards posed by a SVHC. One possibility is authorization, meaning that the use of the SVHC (within the EU) requires a permit. Solvents subject to authorization include trichloroethylene (carcinogen), 1,2-dichloroethane (carcinogen), and bis(2-methoxyethyl) ether (diglyme, toxic to reproduction). An alternative consequence of REACH is the restriction of a SVHC, whereby certain uses can be banned or conditions can be placed on its use in products or processes. A general REACH restriction on substances with chronic toxicity bans them from consumer products. Some further EU restrictions on common solvents are provided in Table 1 .
In May 2018, the European Council implemented a restriction on the use of NMP via REACH by issuing Commission Regulation (EU) 2018/588. After May 9, 2020, it will not be permitted for NMP to be manufactured or used in the EU unless operational conditions are maintained to ensure that exposure to workers is below the levels given in Table 1 . An extension is given to operators of wire enameling processes, the sector with the largest NMP demand, so that they can upgrade equipment. Many manufacturers appear willing to meet these requirements in order to continue using NMP, and the concession to the producers of wire coatings is evidence of such. This decision is based primarily on economic factors, such as weighing up the cost of renovating equipment against the investment required for redesigning a process with a different solvent. Outsourcing NMP-based processes outside of the EU is another option of course. However, it is important to follow developments in chemical regulation worldwide because these are continually changing. In the US, the Toxic Substances Control Act has placed NMP on a shortlist of chemicals prioritized for risk assessment, 2 which could result in controls similar to those in Europe. shall not be manufactured, or used, as a substance on its own or in mixtures in a concentration equal to or greater than 0.3% after 9 May 2020 unless manufacturers and downstream users take the appropriate risk management measures and provide the appropriate operational conditions to ensure that exposure of workers is below the DNELs specified in paragraph 1 by way of derogation from paragraphs 1 and 2, the obligations laid down therein shall apply from 9 May 2024 in relation to placing on the market for use, or use, as a solvent or reactant in the process of coating wires Methanol windscreen washing or defrosting fluids for public use (<0.6 wt %) Toluene consumer adhesives or spray paints (<0.1 wt %)
Chloroform products intended for supply to the general public or for industrial surface cleaning or the cleaning of fabrics (<0.1 wt %)
a Quoted in full for NMP; summarized for the rest.
In the design of a chemical process, all variables should be optimized simultaneously if possible (e.g., via principalcomponent-analysis or ''design-ofexperiment'' procedures) at an early stage of the scientific discovery process. Revealing the effects that the solvent exerts on a process makes solvent selection rational and guides the choice of conditions and other system components (e.g., catalysts). A late substitution of the solvent as process development reaches optimized conditions will certainly be a backward step, resulting in inferior performance, be it the solubility of a key component, reaction rate, catalyst activity, or yield. 8 We are denouncing the use of NMP, but many will criticize or reject our position. Unlike substances subject to authorization under REACH, it will remain legal to use NMP in an industrial setting (under the current restrictions in Europe as they stand) given that the proper controls to limit exposure are in place. Existing European industrial processes will most likely continue to use NMP and bear the burden of the new restriction because in the short term, this is the most cost-effective and least-risky option. Even emerging technologies might still choose NMP as the preferred solvent if the reward (profit) justifies the investment in protective measures. The NMP occupational exposure limit in Japan is just 4 mg/m 3 , so clearly it is feasible to adhere to the new EU restriction, which is generous by this standard.
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Industries will argue the socioeconomic benefits of using NMP: providing jobs and products that enhance consumers' lives and, they believe, cannot be made otherwise. By adhering to stricter controls in the factory, they can claim further credit for the quality and safety of jobs being provided as opposed to the loss of jobs that could potentially result from moving operations out of the EU. This argument overlooks the fact that alternative solvents are available (as described previously), and if these are unsatisfactory, new solvents can be designed to give optimum environmental, health, safety, and performance characteristics. 10 The discovery of alternative solvents creates a competitive advantage in the long term, but many stakeholders are reluctant because of the large up-front cost of solvent development and rigorous toxicological testing. However, this is the only sustainable way to ensure the longevity of an operation, and in time it will be vindicated as the cheapest and safest approach. 
